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For Final 2 Years of Life, ASTERIA was 

used as an Experimental Platform
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Mission Duration Overview

Stopped communicating after a 

week of no eclipses (high temps)
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1. Autonomy Technology Maturation: 

From Today to Tomorrowôs Space-

based Capabilities

ÅGround-based, detailed Science goals

ÅGround-based mission design goals

ÅActivity Planning and scheduling

ÅManual sequencing 

ÅData / telemetry analysis

Ground Operations
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ÅScience/Mission design goals
ÅData / telemetry analysis

Hardware: Sensors, actuators, payload

Control

Tomorrow

ÁSubstantial migration of ground operation to 

on-board (increase in autonomous onboard 

behaviors)

ÁWorking with goals, not timed sequences

ÁIntegrated control, health, activity and 

resource management
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Tech Demo #1a: 

On-board Planning & Scheduling

No more command sequences!

I know how 

to do that!

ñTake an imageò
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1a. Command & Control with Goals
Troesch, M., et al., ñMEXEC: An Onboard Integrated Planning and Execution 

Approach for Spacecraft Commanding,ò 30th International Conference on 

Automated Planning and Scheduling (ICAPS), Nancy, France, October 2020

What is goal command and execution?
ÅSay what, not how

ÅEnables multiple pathways

From Sequences to Goals
ÅDemonstrated nominal goal execution

ÅNominal science demonstrated on-orbit; off-nominal 
scenarios and maintenance activities demonstrated on 
testbed

Benefits
ÅIncreases efficiency

ÅIncreases robustness (adapts to changes)

ÅReduces reliance on prediction

ÅSimplifies commanding

Other
ÅJoint work with Mission Assurance organization to validate

Sequences 

(single pathway)

Goals 

(multiple pathways)

Shift the paradigm to operate spacecraft from timed sequences to closed-loop task 

execution. Provides resilience to faults and anomalies
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Tech Demo #1b: 

Autonomous Navigation

Takes images of asteroids and geo-satellites to 

determine ASTERIAôs LEO orbit 

I know 

where I am!
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2. Autonomous Optical Navigation
Kennedy, B., et al., ñSatellite-to-satellite imaging in support of LEO optical navigation, 

using the ASTERIA CubeSat,ò Proceedings of the International Society for Optics and 

Photonics (SPIE) 11505, CubeSats and SmallSats for Remote Sensing IV, 115050H, 

August 2020, https://doi.org/10.1117/12.2567794.

What is AutoNav?

Determines orbit by observing other bodies

AutoNav on SmallSats

ÅDemonstrated in LEO (w/o GPS) using natural 

objects (asteroids) as beacons

ÅDemonstrated target tracking

ÅMatured capability for human-made objects as 

beacons

Benefits

ÅResource efficient orbit determination (no DSN or 

other ground tracking needed) 

ÅEnhance science return / enable new science 

ÅPotential for non-NASA applications (GPS-denied)

Other
Å Partially funded by NSPO

On-board orbit determination without GPS Demonstrated on a LEO CubeSat
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1b. Observing Geostationary 

S/C for Autonav

Geostationary spacecraft observed with ASTERIAõs camera for use by 

Autonav software ðprovides resilience in GPS -denied environments
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Tech Demo #1c: Autonomous

Health Assessment

Closed-loop Health Assessment combined with on-board 

planning and scheduling permits more science 

observations and reduces interruptions

Safing??  Not so fast.

Space is lovely, dark 

and deep

But I have promises 

to keep

And data to collect 

before I sleep
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1c. System Health Assessment
Mackey, R., et. al., ñOn-Board Model Based Fault Diagnosis for Cubesat Attitude Control Subsystem:  Flight Data Results,ò to be 

published in the 2021 IEEE Aerospace Conference, Virtual, March 2021.

What is System Health Assessment?
ÅDetect and identify hardware faults in situ based on comparison 

to a model of how system should behave

Onboard System Health Assessment Development
Å Matured model-based continuous health monitoring

Å Built software interface and models of ASTERIA ACS

Å Tested ACS model against flight data and on testbed

Benefits
ÅContinuously verifies healthy hardware 

Å Reduces spacecraft downtime

Å Responds to unpredicted fault symptoms

Å Enables autonomous recovery

Collaborator
Å Leveraged SBIR-funded software MONSID, 

developed by Okean Solutions, Inc.

Safing??  

Not so fast.

Iôve got this.

Increases availability to provide more science opportunities
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1d. Combined Autonomy Experiment
Feather, M., et al., ñDemonstrations of System-Level Autonomy for Spacecraft,ò to be

published in the 2021 IEEE Aerospace Conference, Virtual, March 2021.

What is System Health Assessment?
ÅDetect and identify hardware faults based on comparison 

to a model of how system should behave

Onboard System Health Assessment Development
Å Matured model-based continuous health monitoring

Å Built software interface and models of ASTERIA ACS

Å Tested ACS model against flight data and on testbed

Benefits
ÅContinuously verifies healthy hardware 

Å Reduces spacecraft downtime

Å Responds to unpredicted fault symptoms

Å Enables autonomous recovery

Collaborator
Å Leveraged SBIR-funded software MONSID, 

developed by Okean Solutions, Inc.

Safing??  

Not so fast.

Iôve got this.

Increases availability to provide more science opportunities



Combined Autonomy Capabilities: 

Whole Greater than Sum

Planner:

Å Schedule orbit determination

Å BEFORE orbit knowledge decays too 

much

Å AVOIDING higher priority activities

Executive:

Å Perform orbit determination

Å Check all necessary status conditions

Å Skip activities if conditions not met

HW Health assessment:

Å Continually assess status of Attitude Control 

System (ACS)

Å Report assessments to a State Database

On-board AutoNav

Å Knows of other 

satellitesô positions

Å Computes 

oneselfôs orbit 

from imagery

Function-level 

autonomy

System-level autonomy

ÅFeather, M., et al., ñDemonstrations of System-Level Autonomy for Spacecraft,ò to be published in the 

2021 IEEE Aerospace Conference, Virtual, March 2021.

Å Amini, R., et al., ñFRESCO: A Framework for Spacecraft Systems Autonomy,ò to be published in the 

2021 IEEE Aerospace Conference, Virtual, March 2021.

Note: architecture can 

accommodate other 

function-level autonomy
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Hardware Characterization #2a: 

Jitter Characterization

Understanding jitter helps future SmallSats

Whatôs 

making me 

shake?

((( )))



Coarse pointing: no optical feedback

Fine pointing: optical feedback controls 

piezo imager and attitude 

Medium pointing: optical feedback controls 

attitude

3. Jitter Characterization
Lead: David Sternberg

Benefit future missions using the XACT box; crucial to 

astrophysics smallsat missions to improve science data quality

What is Jitter Characterization?

ÅUnderstand impact of jitter on images

Characterized Jitter

Å Characterized XACT pointing jitter as a 

function of star brightness

Å Compared three pointing modes
(120 observations of 9 unique stars)

Å Validate Small Systems Dynamics 

Testbed

Benefits
Å Improves quality of data for Astrophysics 

missions

ÅValidated JPLôs simulation models

XACT

x

feedback

XACT

feedback

14
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Hardware Characterization #2b: 

New Ground Station Tests

ASTERIA certified viability of AWS ground stations

New 

antennas? 

Letôs see if 

they work!



ÅManaged ground stations

ÅNo long-term commitments required

ÅSimple, pay-as-you-go pricing ςpay by the minute

ÅClose proximity to AWS Regions

ÅSelf-service scheduling

ÅFirst-come, first-served

2b. Testing AWS Ground Station

ASTERIA Demonstrated compatibility and cost -effectiveness of AWS 

Ground Station òon-demandó service for LEO spacecraft

IǳƎƘŜǎΣ YΦΣ Ŝǘ ŀƭΦΣ άhƴ-demand Command and Control of ASTERIA with Cloud-based Ground 
{ǘŀǘƛƻƴ {ŜǊǾƛŎŜǎΣέ ǘƻ ōŜ ǇǳōƭƛǎƘŜŘ ƛƴ ǘƘŜ нлнм L999 !ŜǊƻǎǇŀŎŜ /ƻƴŦŜǊŜƴŎŜΣ ±ƛǊǘǳŀƭΣ aŀǊŎƘ нлнмΦ
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3. Science Discovery

ASTERIA camera: Small but mighty!

Letôs image 

exoplanets, 

and more!

ÅKrishnamurthy, A., et al., ñTransit Search for Exoplanets Around Alpha Centauri A and B with ASTERIA,ò 

submitted to Astronomical Journal,  September 2020.

ÅSeager, S., et al., "HD 219134 Revisited: Planet d Transit Upper Limits and Planet f Transit Non-Detection with ASTERIA and TESS," 

accepted by the Astronomical Journal.

ÅM. Knapp, et al., ñDemonstrating High-Precision Photometry with a CubeSat: ASTERIA Observations of 55 Cancri e,ò Astronomical Journal, 160, 

23 (2020). Download from AJor from arXiv.

https://doi.org/10.3847/1538-3881/ab8bcc
https://arxiv.org/abs/2005.14155
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3. Science Observations - Opportunistic

May ô18 Oct ô18

ñChristmasò 

comet 

Wirtanen

Pleaides

Dec ô18

Moon

Sep ô19

Sep ô19

NYC

Mar ô19

LA Basin


